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I.-TRODUCTICHN 


This paper cescribin;; the :nAilling practice at tne concentrator of tne 
4darmony Mines Co. is one of a series being prepared by the Bureau of Mines on 
milling methods and costs in the United States. 


For the period February 15, 1959, to June 1, 1929, the concentrator 
treated 200 tens of conper ore per day containing 3.84 ver cent copoer and re- 
covered 99.2 per cent of the total cooner in concentrates averaging 2&.61 ver 
cent copper. 


Milling nractice at the Harviony Mines is in most respects similar to the 
usual practice at the averace flotation concentrator wroducing bull flotation 
concentrates. The exceotionall:y hizn recovery is due to a number of minor condi- 
tions. These minor details will be stressed turourhout this poner. 


LOCA?IOG 


Toe concentrator is 8 miles uo Vithninston Canvon from Balzer, Idano. 
axer is-situeted on the Gil-tore & Pittsburg Railroad. 


The mill is built on e nill sice havin, a 259 slone, and the machinery 
is so arran,ed thet elevation of products is not nececsary, exce.t in one 
instance where acditional storase cavacit: is so obtained. 


The concentrator cmolovs tire flotation »rocess and is designed to operate 
with the least ncssible nowerv and labor. ‘Water is obtained from a svring some 
distance above tie mill and reaches tic storege tank: through a 500-foot vine line. 
Zlectric >.ower is transrittea 3 miles from a Diesel-engine povir wlant at Baker. 
she power is feneratel at ¢,409 voits, steoned up to ©3,000 for transmission and 
steoved dorn to 2,300 at the mine. All motors in the concentrator and at the 
mine operate at tris voltage. 


l1 The Bureau of Mines will welcone reprintinz of this osner, vrovided the follov- 
ing footnote acknowledgment is used: "Renrinted from U. &. Bureau of Mines 
Information Circular 6285." 

e Consulting engineer, U. S. Bureau of itines. 
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ORE TRIATZID 


The ore comes from the Harnony tine, which is located un Withington Canyon 
avout half a mile bevond the concentrator. <A shrinl.ase system of mining is used, 
and the ore is sent to the concentrator over an aerial tramway. 


Coover is the only valuable metal in tne ore. Small amounts of 7014 and 
Silver are also presert but in such small quantities that they are insignificant 
even in the concentrates. The coo,er content of the ore reaching the mill varies 
from 24 to 5 per cent. Some testing, hovever, was done with ore running as low 
as # per cent copper. 


‘The most imoortant copoer mineral in the ore is ccalcopvrite, altznouh 
chalcocite and bornite are found in the uvnper levels of the mine. During the 
period covered by tnis renort chalcopyrite was the only mineral in the ore 
treated. ; 


Tne ore occurs in stringers of various widths in sheer zcnes of an impure 
quartzite. JIn all tie stringers the chalconyrite is intimately mixed with nyrite. 
The relative amounts of the two minerals vary to a considerable de;srec, but even 
in hand-picked s»vecimens of chalcopvrite oyrite is alvays present. The stringers 
or veinlets are separated or inclosed by extremely hard, shaly quartzite. The 
rock not only has the hardness of quartz out is excestionally tough as vell, the 
small percentage of shale naving the effect of cementing the varticles into a 
tough mass. Because of these characteristics the ore is verv herd to crush and 
causes excessive wear on all metal varts of machines coming in contact with it. 
Some serious damage has also been done to crusners due to tne difficulty of 
breaking down the larger chuns of ore. 


The shaoe of the ore body is somewhat irregular, without definite walls, 
consequently barren material is broken vith the ore. Zfforts to hand-sort the 
ore and remove this barren nortion »roved more exnensive than tie cost of milling 
the mine ore. A very smal] percentage of the waste is removed in this way. 


As it is broken in tha stones the ore is in rather large pieces. These 
are broken further in the bulldozing chambers to vass 18-inch grizzly openings. 
The ore nasses over another zrizzly vith 12-inch ovenings at the nead house of 
the aerial tranmray, where sledge hammers are used in breaking un the large vieces. 


The moisture content of the ors is less than 1 ver cent, although water is 
present in all the lower stoves. Tue lact: of moisture is due tc the solid condi- 
tion of tne veins and thre compactness of the ore. 


| The ore is distinctly sulcnide in character and sows only a slignt 
tendency tovard oxidation after being, broen. It is noticeable that where tne 
vrolen ore has remained in stopes for several woitns it takes on a rusty tinge, 
due to oxidation of the surface of the mineral crystals. This evidence of oxida- 
tion is more noticeable waere water has drinoed through tne mass of brolren ore. 
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RISTORY OF CONCENTRATOR OPFRATIO7‘S 


The concentrator, which :.:as built in 1917, was originally designed to 
treat the ore by gravity concentration, and for several years tis method was 
fcllowed. The flow sheet was somewhat complex, and numerous chaness vere made to 
increase the efficiency of the plant. High recovery was never achieved while the 
gravity method of. concentration was used. It was also found quite imoossible to 
effect separation of the pyrite and the coover-bearing minerals by this method. 
The concentrates were therefore aot desirable for the smelters, since the 
carried too mich sulohur and iron in cormarison to the conver content. 


Flotation was added in 1922 as a supvlementary unit to treat all the 
slimes and some table middlings. This arranzement slightly increased the recovery, 
since it saved a portion of the cooper. which was being lost in the slimes. The 
grade of concentrates, however, was not cnanged materially, and the recoverv was 
still unsatisfactory. 


Table concentration was ciscontimmed in 1922, and some test runs were 
made using straight flotation. The milling mechinerv was not rearransed for 
these tests, and it wes found necessary to elevate the pulp several times before 
concentration was accomlished. The resuits of these tests vere not wnolly 
satisfactory, but the ».oor results were due Tore to the avluurd arranement of 
the Sone enuratene machinery then to any fsult in the concentrating method used. 


In Decenber, 1926, a complete rearranenent of concent rating machinery was 
decided upon. The most iortant of tne chan-es was tne moving of the flotation 
cells as close to the ball mriil as :ossible, thus malkin;, the concentrator more 
compact by eliminating: elevators and eliminating; three-fourti:s of the launders 
formerly used. The flotation cells nad vreviouslyv veen situated on tne opvosite 
side of the table floor from the tail mill, a distance of nearly 100 feet. 


The use of straignt flotation and tne rearrangement cof machinery in- 
creased the mill recovery more tian 20 per cent while tne ¢rede of concentrates 
was raised from an average of 20 ner cent to 2& wer cent conver. The labor cost 
of concentrating was cut in half, and vower consumstion was reduced by 30 ver 
cent. : ; 


Other advantages tnat provea of great importance vere greater flexibility 
of operation and closer adjustmsnt. between the varicus reage:ts thet vere used in 
the process. Tests and ex.erlirents made in the laboratory on a amaller scale 
were helpful in perfecting tne process. 


General conclusions as to tne reasons for high recovery and clean concen- 
tration of tne ore under consideration are that the depend on the exercise of 
extreme care in carrying out the details of tne rrocess rather than on any innova- 
tion or wide devarture from customary; practice. For instance, the use of too mucn 
or too little rearzents, a wide variance in puln density, and overloading the ball 
mill or flotation cells cause greater irregularities and losses than the use of a 
slightlv different reazent or the fact that the vulv is acid or allaline. 
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A series of test rons made after the machines hed been installed in the 
new nositions, together vith some carervliv wede observations, brougnt out some 
imoortant facts. Some of these are: 


l. 


ll. 


12. 


Best recoveries are obtained wren tne ore is moved quickly frem 
the stcpec to the concentrator. 


The feed to the ball mill smst be as fine as practicable; and, 
most important, it mast be uriform in size for best results. 


The finer the ore is «round in the ball mill the higher the recovery 
in the flotation cells. 


To make a clean sevaration of chalcovyrite anc nyrite and at tne 
same time obtain a high recovery, both rougher and cleaner flota- 
tion cells imst be used. In practice, the tailines end of the 
rougher cell is kept free from conver minerals and only clean 
concentrates are teken from the cleaner cell. 


Cleaner-cell tailings are not sent back to the rougher cell ‘wt 
— 
pumped to tue nead of the dall mill a:id ; round to a finer size. 


Excessive amounts of rea:.e-ts lower the srade of concentrates. 


Agitating the nulp betveen the ball mill and the flotation cells 
has an undesirable effect uvon flotation-cell overation. 


The direction of movement cf the nuln in the frothing chamber must 
be downward for best results. 


A long flotetion cell allows cleaner separation than a snort one. 
The densit: of tie suly is of the utinost inmmortance, and a slight 
chan,-e in nuly density causes a areat diffsrence in flotation 


cell operation. 


Concentrates froma drier or a filter should not be returned to 
the flotation cells. 


All cleanings from celis, classifiers, filters, ball mill and 
launders should be sent to tne need of the ball mill in as nearly 


a uniform stream’as -.ossible. 


Flow sheet 


Figure 1 gives the flow snieet of ore trentment. Figures 2 and & give a 
side view and plan of the concentrator, respectively, showing the vosition of the 
various machines, — 
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1. Crude~ore bin 
2- Belt conveyor 
3. Jaw crusher 
4. Bucket elevator 
2: Gravity screen 
« Crushing rolls 
7. Fine-ore bin 
8. Belt conveyor 
« Ball mill 
10.D0rag classifier 
1].Rougher flotation 
é 


cells 
12.Cleaner flotation 
cells 

13.Filter 

14.Belt conveyor 

15. Concentrates. bin 
~Pump | 
17.Settling tank 

18. Pump 
19.Water=storage tank 
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Figure |.— Flow sheet of 200-ton concentrator 
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The ore comes fro: the mine over an aerial tranwa: and is stored ina 
200-ton-capacity crude-ore bin. A feerer celivers tne ore to a belt convevor, 
equinsed vith a magnetic sulley, wnich ih turn drops the ore into the mouth of ~ 
a Universal jaw crusher set to crush to 14-inch size. <A buclet elevator raises 

ne crushed ore vroduct to a gravity screen havinz } inch holes. The oversize 
of the screen is crushed bv a vair of rolls set at 4 inchs: the vroduct from the 


rolls joins the undersize of the screen and is stored in a fine-ore bin of 400 
tons capacity. 


The ore from this bin passes through an adjustable steel hopper to an 
automatic belt feeder, which delivers the ore to a Hardinge ball mill in closed 
circuit with a Dorr drag Classifier. The overflow from the classifier goes 
directly to the rougher flotation cells, and the sands from the classifier return 
to the ball mill. ‘The flotation collecting reagent is added at the head of the 
ball mill, and the frothing reagent is added at the head of the rougher flotation 
cells. 


The tailing of the rovgner flatation machine flovs to the tailings pond, 
and the rougher flotation concentrates are treated in tne flotation cleaner cells, 
producing a middlings »roduct that is pu-med to the head of the ball mill and 
finished concentrates tuat are filtered and delivered »y a belt conveyor to the 
concentrates storage bin. A wagon naul of eight miles delivers tne concentrates 
to the railroad at Baker, and from this point tne concentrates are shipved to the 
smelter. 


Tremay 


The aerial tramway vwnich carries the ore from the mine tunnel level to the 
concentrator is 1,800 feet long and consists of a 1é inch traction cable and a 
7/8-inch draw cable supported bv taree towers, the Voneest snan being 1,200 feet. . 
The tramway is equipned vrith 14 buciets, each of 38 cuvic feet cenacity. A 
10-norsepower motor at tne unper terminal is used to start the tram and acts also 
as a break during overation. A certain amount of vower is: thus forced baci: into 
the circuit, but no atter>t has been race to ascertain tre exact amount. The 
tram, when running at canacitv, has a soeed of 600 feet ver minutes, and the aver- 
age amount of ore sent over it in eight hours exceeds 200 tons, altnougn the 
capacity could be doubled by adding more buckets. Automatic tri»vs onerate the 
clutches wnich nold the buciets to the draw cable; loading ana cumming of the 
buckets is done by hand. 


Feeder 


po. Tne ore bin at tne lover enc of tie tranmmay has a saeacies of 200 tons. 

and is built with a steenly slocsine bottom so that »sractically all of the ore will 
run from the chute vithout being barred down. The enute has an ovening 26 inches 
wide and 36 inches high, and thie flow of ore trough this cnute is regulated by an 
automatic feeder. The feeder is cylindrical and ccmoosed of six heavy vanes which 
fit into slots in two heavy end disks. [t ic turned ty a 2-inch snaft, and its 
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speed is regulated by verving the size of tne driving pulley. Tue middle of the 
feeder is set 2 inches ebove tue botton of the chute, and due ta its nosition ore 
Cannot nass over it wnen it is stationary. Whe anovnt or ore vassing over it is 
therefore Cevendent unon the sveed of the feeder anc the heighti: of the ,ate onen- 
ing in the chute. The chute botton is covered witn sneet steel to keen the ore 
fron hanging up ahead of the feeder. The feeder droves tne ore directly on a con- 
veyor belt 21 inches wide and 6 feet between pulley centers overating at a speed 
of 60 feet per minute. 


ne conveyor belt carries the ore over a magnetic pulley which lifts out 
all tramp iron. This pulley is the common t:ve with its magnets operating under 
a direct current at 110 volts, the current bein;: supnlied by a venerator driven 
from the main line shaft. | A ke eS 


Primary crushi ng 


As previously stated, the ore ¢roms from the convevor belt into the hopver 
of a 16 by 18 inch jaw crusher set to crush to l$-inch size. The crusher is 
driven by 2 belt from a line shaft above the floor. This drive hes vroved the 
most desirable, since it seves the motor Yrom excessive shocks end also has tne 

added advantave over geared drives that the belt will slit when the crusher is 
overioaded or receives maverial too resistant tc be crushed. 


ne crusner is ran et a canacit~’ of syoroximately 200 tons in eignt hours, 
but in cases of emer; ency double tris amount has been put throveh the macnine. 
The amount crusned is regulated entirely by the autovatic feeder under the ore- 
bit cnute, wnich keeps a unifors stream of ore flovin; into ths crusher and under 
normal conditions the crusner is seldom overloaded. Revairs to the unit were 
practically negligible during tae oeriod under consideration. 


Internediate crusning 


Formerly a crusher of tne same t-me as the srimary breaker vas used to 
crush the product of the primary crvsier down to $-inch size. Ths capacity of 
this crusher, however, when used to recuce tne ore to tne size stated was never 
greater tnan half that of the primary breaker, so that difficuity was e:zmerienced 
with this unit. A set of rolls 30 by 18 inch, haviny a canacity equal to that of 
the primary breal-er, was installed to renlace the secondary breaker. 


The crusned product of the primary breal-er passes over a 24, by 5 foot 
eravitv-type screen having 4-inch noles, the undersize of tre sercen amounting to 
approximately 35 per cent of tne screen feed goins to tne fine-ore bin. Tne over- 
Size, amounting to approximately 130 tons wer day, foes to the rolls set to crusa 
to $-inch size, the crushed product of the rolls woing to the fine-ore bin. The 
rolls have been found to give a much inore uniform oroduct than the seconcaarv crusi- 
er formerly used. | 


| All macnines in the crushing de artment, both primary and secondary, are 
driven by a Single 30-horse over motor. 
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Grinding 


Tae. fine-ore din, of 4)0 tous canacity, has a sveciallvy constructed stcel 
hopner at tue bottom with adjustable vate wnicn reguletes the flow of ore to a 
24-inch belt conveyor. The speed of this belt is varied by a can and ratchet 
arrangemeit vnich nulls the belt ahead a variable fracticn of the cirmvaference 
of the drive nulley at each revolution of tne main drive shaft. ‘Dre amovnt of 


ore fed to the ball mill can tous be varied vituin the vide limits of from 2 to 
80 tons ver hour. . 


From the conveyor belt the ore drops into the ball-mill feeder, which is 
a@ combination direct and scoop feeder. The main ore stream vasses through the 
center of the feeder directly into tne Hardinge 7-foot by 36-inch ball mill. The 
return sand product from the drag classifier, together with the middlinzse of tne 
flotation cleaner cell and other material sent back for regrindiunz, co to the 


feeder box, whence they are scooped up by the feeder at each revolution of tne 
ball mill. 


Formerly all feed to thé ball mill vassed to tne feeder box, and all had 
to be scooped up by the feeder scoop. Considerable trouble vas experienced while 
this metnod of feeding was used, due to the coarseness of the feed and the fact 
that. all of the feed had to pass turough the scoop, which in turn caused excessive 


wear on the scoop and the shearing of the bolts wnicn held the feeder to tne ball - 
mill. 


Tne ball mill is driven by a 100-horsevovwer motor throurh a svecial link- 
chain drive and jack shaft wiich transmits the »nov'er by a beveled gear to the 
master drive of tne ball mill. A svyscial svitch and rheostat are used in starting 
the motor, so that the load may be taken ud gradually. The mill operates at a 
soeed of £6 revolutions »er minute, and it is of utmost imortance that this speed 
be maintained. If for anv reason the sneed of tns mill.is reduced, coarse ore 
starts to eccumlate in the mill, throwing a sreater load on the motor, whicn in 
turn retards tne syneed of the ill. It has teen founc aecessarv to reduce the 
rate of ore fecd to the mill when the sneed is reduced 1 revolution »er mimte and 
to stop the mill when the sneed is reduced to 20 revolutions ner minute. 


Tue aensity of tne oul» in tne ball mill is maintained tetween 1.76 and 
1.85. Tests made at this concentrator indicate that if enough water is used to 
obtain a free-flowing pulp the less vater used in tne ball mill the less the vear 
on the liners, the less the ball consurmtion, .the larger the cavacity, and the 
more uniform tne ground product. Another important acvantage in a tunic ball-mill 
pulp is tne ease of pulyv-density contro] in tre cleeeifier. since most of the 
water is added at the cischarze end.of tne ball mill, and any chanzse in moisture 
content in the ball mill can be quickly taken care of by changing the amount added 
to the nulo as it flows into tne classifier. The importance of this advantage is 
more evident when starting the mill and at times when floors are vashed and the 
pump drained into the ball-mill feed box. Density control has proved to be of so 
great imoortance that an indicator is kent constantly in the pulp at the overflow 
end of the ball mill, and this indicator is in plain view of the operator from 
almost any position in the concentrator. 
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During the first »art of tne »eriod covered by this paver special chrome- 
vanadium forged-steel balls ranging from 2+ $0 5 inches in diameter vere used. 
An avera;e charge of balls added et one time consisted of 200 oounds of 25-inch, 
200 pounds of G-inch, and 200 pounds of mixed 4-incehn and 5-inch sizes. The ball 
load amounted to 27,0G0 pounds. These balls gave «ood service, and during the 
neriod they were used the ball consumotion amounted to 2 nounds ver ton of ore 
sround. After the intermediate crushing unit reduced the ball-mill feed to $-inch 
Size the larger balls vere found too larse for cest results, in tnat ther caused 
more liner renlacements, and with tue finer size of feed the:, have tne tendency 
to wear irregularly, which causes tien to slice rather than roll as tney descend 
from the wover side of the ball mill. At nresent cast-iron balls are used in | 
sizes ranging from 2 to 34 inches. The consumption of balls in wounds ver ton of 
Ore ground has increased sligntl:, since the use of forged-stee! balls has been 


discontinued, but considered from tne cost standnoirnt the cast-iron balls are more 
economical. 


Cast-iron liners are used, and since one set of liners lasted the entire 
period covered by this saver definite ficures on liner consumption can not be 
given. Judging by the condition of the liners at the end of the mill, hovever, 
it was apparent tliat revlacements would soon be necessary, and wnon this basis 
the liner consumption would amount to aporoximately 2 vound ver ton of ore ground. 


The capacity of tne ball mill, amountins to 200 tons of ore ground per 
24 hours, is nigher than that obtained at other concentrators where similar sizes 
of ore feed and ground product prevail. The high capacity is due to the absence 
of talc or other substance in the ore tnat has a cushioning effect within the 
ball mill. ; 


The ball mill is in closed circuit with a 4 by .16 foot Dorr drag classi- 
fier set on a slope of 220, the rakes operating at a sneed of 20 strokes per 
minute. when the ball mill and classifier circuit is cpyerating at full capacity 
and when the density of the classifier cverflow is maintained at 1.56 the tonnages 
and sources of materials entering the ball. mill ars as follows: 


DIY OPS: esas eee eases eoeegeeetOnsS per hour 9.0 
Return sands from classifier. do. / 3,2 
Flotation middling.from 

Cleaner: C611: scenes . do. 2.0 
TPOGCAL “SOLUS: :s ines ad.d ee ese a acs do. 14.2 


Water entering ball mill..gallons oer hour 1,762 
Solids in ball mill vulp, 
CALCULOUEG is exew saws eoeee DEY cent 65 


Table 1 gives the screen sizes of tne concentrator head and the varicus 
intermediate and final products of crushing and ¢rinding for the pveriod February 
15, 1929 to June 1, 1929. 
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Table 1. - Scz:een sizes or civsiied and ground sroducts 


T Ball mill Drag 
classifier _ 
Mine run- Secondarv 
Screen size feed to | coarse Primary fecd, 
coarse crusher; yvesd from] clessificr 
erushner | product rolls sands and |¥Feea Overflow 
flotation 
middlins eee ae 
Plus 3-inen ring 50 
Minus 33-inch olus 2-inch 
ring 15 
Mimus 2-inch ring olus 
l-inch square 13s 30 
sinus l-iach square plus 
4 mesn 8 20 35 
Minus 4 mesh lus 10 mesh 5 20 30 
' 10 (Cot " 70 4 15 20 35 10 
e 70—CO " 200 =O 5 10 15 60 39 35O 
' 200 =" - - = | 5 51 65 
Flotation 


Tne classifier overflow is divided betvreen two io. 12 K 2X rougher flota- 
tion machines. The concentrates from the head end of tue rougher cells, amounting 
to approximatel; 15 per cent of tre total rovgner concentrates, ave a finished 
~roduct and goes directly to the filter. The remainder of the concentrates from 
the two rougning machines goes to.one ito. 12 K & Z cleaner machine. The cleaner 
flotation machine produces finished concentrates, which go directly to the filter, 
and a middlings product, which is returned to the ball mill for additional grind- 
ing. 


The K & K flotation machine produces a froth by means of a mechanical 
agitator or rotor. The No. 12 machine agitator chamber is 2 feet in diameter and 
12 feet long. The rotor which revolves in this chamber is 20 inches in diameter 
and 11 feet 8 inches in length. The pulv enters the macnine near the lover corner 
of the agitation chamber nearest the frothing compartment, and air is drawn in 
around the rotor snaft at both ends of the cell. A stand pive at the intake allows 
for a neac of nearly 2 feet of puin. 


The action of the cell is as follows. Pulp enters the intake, is vicked 
uv by the ection of the rotor, and is forced to tne circumference of tic rotor 
where it is mixed with air drawn into the cell by suction created bv the dis- 
placement of the pulp. The pulp travels back along tne bottom of the cell and 
forvard over the top, and at the Sront of tne chamber it stri’es a baffle waich 
cuts nart of the nulvo stream out and guides it tnrouzh a perforated vrooden 
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partition to the frothing compartrent. Gates at the sObto of the frothing 
chamber allow for the adjusting of the flov of ovlu from this comertmenat bacl- 
into the eee chamber. 


A varticle of ore therefore travels a sviral route through the cell, 
coming into the frothing cell again and asain. Practicall- all material that can 
be floated can be talen froin the pulp in the rougher cell, dve to the length of 

he cell and the close adjustments possible. 


The pulpy traveling dormiard from tne perforatec ourtition to the gate in 
the frothing chamber has a scrubbing efiect unon tne uoward moving concentrates. 
Because of this action the minerals tend to senarate; the finest chalcovvrite 
floats first, coarser chalcopyrite and fine pyrite next, and coarser >yrite last. 
If the ore has not been ground finely enougi some ccnscr minerals vill float 
with the pyrite, due to: the dampening effect of the varticles of sanzmue which 
adhere to the Core eot or 


Care is exersiede by the operator to een the level of the puly at such 
neight tnat all comer minerals float and fo ever the edge of the frothing 
cnamber in the first 9 feet of the. celts Tne tailings enc of the chamber is free 
from copper minerals for a distance of ¢ $ feet. This nart of the frothing chamber 
acts as a safety on cell oneretion. Any suiall discrepancy in grede of ore, 
density of pulp, and reagent feed can be talten care of for a snort time vitnout 
loss of copper or lowering the zrade of concentrates. 


| Tne cleaner cell is so adjusted that hign-crade concentrates are obtained 
throughout the length of the cell. 


Carefully conducted screen Gente on ee tafiface oroduct of tne cleaner _ 
cell proved thet it is coarser tnan tne concentrates altnough the difference is 
not sreat. Microscopic observations suoved that many of the ».articles in this 
product were made up of chalcopyrite, pyrite, and ganzue or some combination or 
two of these materials. 


These tests and observations made it evident that rerrinding of the 
cleaner cell tailings vas necessary if a high recovery and clean concentrates 
were to be made, and this product is therefore returnec. to the .ead of tre ball 
mill. , 7 


- The high recovery of cooper, amounting to 99.2 wer cent, is due toa 
large extent to this »vrocedure. Regrinding of the cleaner cell tailings not only 
allows for the recovery of the copper in this product but gives tne operator more 
leeway in the control of the cléaner-cell cperation. The operator realizes that 
any values that go into the cleaner tailings will be recovered subsecuently; 
therefore tne concentrates can be s!:immed clcaner witout danger of lovering 
recovery. Under these conditions high-grade concentrates are oi scones as well ES 
hign recovery obtained. : 
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As previously described, the Harmony ore contains cnalcopyrite so intimate- 
ly mixed with pyrite that fine grinding is necessary to free the former. There is 
a slignt difference in the flotability of tne two minerals without the use of a 
depressent. This difference is tal:en advantage of in the oresent milling practice, 
and it is considered just as important to depress the vyrite into the tailing.as . 
to cut down the silica content of the concentrates. 


Test runs at the en ance er proved that if enough collector oil is added 
at the head of the ball mill and sufficient frothing oil is added at the feed end 
of the rougher cell it is possible to float practically all of both minerals. It 
was also determined that when insufficient collector oi11 was added to ret both 
chalcopyrite and pyrite it had a slight preference for cnalcopyrite. Other 
phenomena that became apparent during the tests were: Uxcessive amounts of 
collector oil increased the pyrite content in the concentrates; excessive amounts 
of frothing oil increased both pyrite and silica content in tne concentrates; 
insufficient amounts of either reagent caused losses of conver in the tailings; 
acidity or all<alinity had little effect on results; anc density of vulv zoing to 
the cells must be kept constant and within very narroi limits. 


, The problems facing the operator are therefore to control the feed to the 
ball mill so that all of the ground product will pass throursn a 70-mesh screen, 
to keep the density of the feed to the rougher cells »etween 1.526 and 1.559, to 
add correct amounts of collector end frotner oils, and to control the heignt of 
pulp in cells so tnat a clean senzration is made. 


The amount of reazent necessary was originally detexmined by tests, so it 
is obvious thet the exact amount’ to be used under any set of conditions can only 
be approximated. The most noticeable feature of the process, nowever, is the 
small amount of reagents used. 


| 
? When the concentrator treats 200 tons of + per cent conper ore per 24 
hours the collecting oil is added at rate of 18 Grops per minute to the ball mill, 
and the frother is added at rate of 30 drops ver inute to the pulp as it enters 
the rougher tell. This amounts to 0.2 pound of collecting oil and 0. sound of 
frothing oil per ton of ore treated. 


In the frothing compartment, of the rougher cel] tnuere is a gradation in 
the floated product from pure chalcopyrite at the feed end to vyrite at the tail- 
ing end. It has been found practicable to obtain clean concentrates from near tne 
head of this cell. Sheet-iron lan strips are used to convey this product over tue 
regular launder to a svecial launder that runs directly to ths filter. 


When the rougher cell is carefully overated the cleaner cell needs little 
attention. The main object is to get clean concentrates. A slight variation in 
the amount or grade of cleaner tailings sent to the ball mill for regrinding mates 
little difference in mill operation. 


In test runs it was noticeable that agitation of the puly between the ball 
mill and the rougher cell made it alnost imossible to keen the tailing end of the 
rougher cell entirely free from chalcopyrite. Additional reagents and the raising 
of the pulp level in the cell had an unsatisfactory effect on cleaner cell 
operation. 
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As tne mactinery is now arranted there is no agitetion at all between the 
ball mill and the flotation cells, and ceil operation is almost yexfect. 


A screen with $-inch holes removes all debris from the pulp as it flovs 
from the ball mill, and a’ short launder connects tne classifier with the rougacr 
cell. 


Table 2 :ives the screen sizes and Table 3 the tonnages and anal;ses of 
flotation head and flotation products for tne period February 15, 1929 to 
June lL, 1929. . 


Table 2. - Screen sizes of flotation feed and products 


IRAE 


Rougher macnines © Cleaner macnines 


Tailings | Yeads | trates | Tailings 
1 ; 2 


Screen sizes 
. trates 


Minus 70 mesh plus 100 mesh 10 5 
Minus 100 mesn vlus 150 mesh 10 6 12 
Miinus 150 mesh nlus 200 mesh ae ks, 12 le 
Minus 200 mesh © 65 50 7 
Table 3. - Tonnazes and _analvses of flotation head and »roducts 
Line [Gold [sitver 
= Oz. 
Product pret aor per per 
ton ton 


Rougher: flotation 


Heads 14, 56 | 14.50 - 0.14 

Concentrates 28.70 50 

Tailings 9.10 Tr. 
Cleaner flotation 

Heads 28.70 50 

Concentrates 352.40 1.04 

Tailings £6.50 Tr. 
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DEVATTRING AND HANDLING OF COUOFNTRATES 


The concentrates fro: the heads end of the rougher cell and all concentra- 
tor from the cleaner flotation cell flow directl: into an Oliver continuous filter 
naving a drum 8 feet in diameter by 4 feet vide. The filter, of 50 tons canacity 
in 24 hours, operates 16 hours ver day, and when idle the concentrates in it are 
agitated by mechanical agitation or by forcing air into ee pulp at the bottom of 
the filter tank. The concentrates are scraved from the filter surface and fall 
on a belt conveyor which carries them to’ the concentrates storage bin. 


A thickener ahead of the filter would undovbdtedly.imrove filter per- 
formance, but since the capacity of the filter is ammle without the thickener 
there seemed no necessity for installing it. 


The dry vacuum pump is designated as a le by 14 inch commressor and is 
operated by a 30-horsepower motor. 


Previous to the renovation of the mill Aikins' classifiers were used to 
dewater the concentrates. The devatered product oles ee 9 to 11 ver cent of 
moisture was sloppy, causing difficulty in handling. The overflov of the 
classifiers, which was pumed baclz to the flotation. cells, contained the finest 
portion of the concentrates which had an undesirable effect on cell operation. 
It was found difficult to maintain the correct nulp densitv in the cells anc the. 
variation in flotation reagents caused trouble. 


When the filter was first installed a centrifugal pumo was used to remove 
the water from the vacuvm receiving tank. The »unmm discharged the water into the 
main water-supply tan’: of the mill. This arranzement was satisfactory unless the 
filter cloth lealcd and let concentrates into the filtrate. ne wear on tne oump 
and pipe line was also excessive. | ' 


A settling tank: was installed at an elevation of 35 feet below tne rilter 
and a oipe run into it from the bottom of tie receiving tanlz. The lower end of 
the pive line is about 1 foot below the surfece of the water in the settling tank 
when the tank: is overflowing. The water becomes a seal when the force induced by 
the vacuum causes water to rise in tne pive. Filter  »erformance improved 
materially with this arrangement. ‘Water which overflows is always clear, and cur- 
ing seasons of low water this overflov is pumoed into tre suyoly tan: of th ne mill 
while at other times it is allowed to run to waste. 


Siall leaks in the filter cloth do not give trouble, since the vat er does 


not pass throvgh a pump, nor do leaks cause loss of concentrates since concentrates 
that get into the filtrate are recovered in the settling tank. 
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The followin;: tabulation gives data-on filter operation. 


Density of concentrates fed to filter ............... 1.30 
Moisture in feed to filter eee ee eee eee er cent ol 
Povsture in-fll ter calce top adudewsemad Paiw'aes do. 6 
Total filter surface ..... sonia Os tee. Saar squire feet 100 
Wllt en Capacity: csseaeu doetiegwe sates tons ver 24 hours 50 
Filter capacity ... tons per. square foot per 24 nours 0.5 
Time operated ....., mesa Sag ns a AVewtn nae pasate per cent 66 
Life of filter cloth .....scscesce: ep cdue ier . days 110 
Tons treated per square foot of filter. CLOUN sis ens e- . 33 
Vacuum maintained ...........+. pounds per square inch 6.6 
Air pressure used on dlow ........ Biol Sie tule kia oat » pounds 5.0 


DEVATERING AND DISPOSAL OF TAILINGS 


Tailings from the rougher flotation cell are run by launders to two cone- 
type classifiers at the lover ena oz tie tailings pond. A relatively thick 
product cantaining approximately 18 per cent of moisture ‘drops throug the soisot 
of the classifier and gradually builds a dam across the tailings. dump. To dis- 
tribute the thiclened tailings the classifiers are mounted on a trucix that runs 
along a broad track. The traci: is supported by scaffolding wich has its founde- 
tion on the floor of the canvon, the scaffolding being gradually buried and nev 
units added above. The classifiers remain at one level until the dam is built as 
nign as the snigot outlet. This is done by moving tne classifiers a few feet 
after the thickened pile has. been bvilt uw to the svizot. As the dam gets higher 
the pond holds more and more tailings until now one raising of the classifiers. 
will raise the dam to a height sufficient to impound more than 100,000 tons of 
tailings. | a ~~ % | 


he overflow from the classifiers flovs by launders to a voint 20 feet 
back of the dam and falls into.the vond. Ina the quiet water of the vond the sedi- 
ment even to the finest slime soon settles. The clear water is carried under the 
dam by a trough, the intake of which is at the baci of the ~ond and the discharge 
on the canyon floor at the foot of vhe dam. 

“During a fev months in winter a “portion of. the tailings is filtered and 
the water reclaimed. A Portland continuous 8-foot by €-foot filter is used for 
this purpose. This filter is operated by the same vacuum system as the concen- 
trates filter. Preliminary preparation is not necessary when the filter is to be 
operated, because it is always connected with tne receiving tam of the vacuum 
system. The operator has simply to send a portion of the tailings to tne filter 
and open the vacuum check valve, and the filter operates without further attention. 


The vacuum system has sufficient capacity to take care of both filters. 


A belt conveyor 60 feet long carries the filtered tailings from tne filter 
to the tailings dump. 
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It is not important for the tailings to be low in moisture, therefore the 
vacuum is cut off from nearly nalf of the drum above ire filter tan:, tnus giving 
a larger cavacity and maintaining a higher vacuum pressure. 


SAMPLIVG ASD CPHRATING DETAILS 


Tne heads sample is telzen at the overflow of the classifier, as the pulp 
drops into the launder which carries it to tne flotation cells. A cutter moves 
across the pulp stream at intervals of 15 mimuites, talzing about one second to 
eross the stream. A sample weighing 10 pounds is obtained during each 8-hour 
shift. This sample is dried on a steam plate and further cut down by a riffle 
to a sample weighing one-half pound. | 


Concentrates are sampled at 30-mimite intervals at the filter by cutting 
@ groove one-half inch wide through the filter cake on the drum. The weignt of 
concentrate sample amounts to 5 pounds for each 8-hour shift, and this sample is 
cut to one-half pound before being taken to the assav office. 


The concentrates sample is talten as an aid to mill operation and is not 
considered as control data on shipments. <All shipments. of concentrates are 
sampled at a custom sampler. : 


Tailings are sampled by an automatically overated cutter sampler, the 
cutter, wnich is 1 inch wide, moving across the tailings stream at intervals of 
15 minutes. A tailings sample weizhing approximately 25 »nounds is secured for 
each 8-hour shift and after drying this sample is cut dovn by a riffle to a 
sample weighing one-half pound. Tne mill operator tal:es all samples and places 
them on the steam vnlate, and the assayver cuts them down to the assay size. . 


To insure against any changes. thet may come about in any of the eretine 
units or in the ore or the reagents the operator is required: to inspect every 
part of the grinding and concentrating units every half hour. On these tours of | 
insvection he makes the following observations and records them on a special form 
which is taxen to the office at the end of each snift:. 


Heignt of gate on automatic ball mill feed. 

Speed of ball-mill feed telt. 

Amcunt of collector reagent added in drops per minute. 

Amount of water flowing into ball-mill feed vox. 

Sneed of ball mill. 

Density of classifier overflow ore 

Soeed of fiotation-cell rotors. 

Appearance of froth on all flotation cells. 

Amount of frothing reagent added. 

Time between cuts of the mechanical samplers. 

Thickness of filter cate. 

Amount of vacuum at vacuum receivinz tank. 

Approximate amount of tailing flowing from the 
Cleaner cell to sump. . 
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Olling of bearings and machinery is done by the compressor man, who handles 
this work in addition to loolting after tne comressor, wnich is in the mill 
building and tvhich supolies the mine with air. 


The suverintendent obvtains the assays of the neads for tne nignt shift, 
and from these assays he estimates the amounts of reagents that are to be added 
ror that grade of ore. As long as a noticeable cninze does not tale nlace in the 
ore coming to tne mill these estimates are considered nearly enough correct to be 
used during the day. The reagents feeders are therefore set by the superintendent 
each morning and merel:7 checl:ed over during tne rest of the day. 


When it is obvious that the srade of ore nas chanced materially a hand 
sample is taken from the fine-ore storage bin. This sample is assayed at once to 
determine the changes necessary in tne amounts of reagents required. Until tae 
result of this assay is known adjustments are made at the flotation cells to take 
care of the variation in the grade of the ore. Wnen the assav results are ‘t:nown 
adjustments in amounts of reagents are made immediately, and within a few minutes 
the mill is operating under the new conditions. The general average of ore sent 
to the mill is kept as nearly uniform as is vossible, and readjustment of the 
feeders during the day is rare. Assa:s of concentrates and tailinzs also helv in 
determining the correct amount of each reagent that is required. 


WATER SUPPLY 


Water is obtained from a svring 500 feet distant up the canyon from tne 
concentrator and flows to the concentrator through a 2-inch pine line. The supply 
is adequate for 8 months in the year at cavacity overation, but during the other 
four months water in varying amounts must be reclaimed. The amount reclaimed 
varies from a few hundred gallons per dav to 9,000 gallons per day, the latter 
figure amounting to nearly one-third of the total amount used in the mill. This 
larger amount is reclaimed only during periods of constant cold weather, when the 
spring gets very low and water is not running on top.of the ground. 


The mill onerating at full cavacity requires about 33,000 gallons of water 
per 24 hours. This amount gives a pulp density of 1.56 and allows for some loss. 
The water is exceptionally pure and needs no conditioning whatever. 


CCNCENTRATOR RECOVERY AWD ?ETALLURGICAL DATA 


The recovery of copver for the neriod February 15, 1929, to June 1, 1929, 
amounted to 99.2 per cent in concentrates averaging 28.61 ver cent of copper. 


Table 4 gives metallurgical data for period February 15, 1929 to 
June 1, 1929. 
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Table 4. - Metallurgical data 


Se 


Total ore treated .......-..06. Oe ee ee ae rena tons 17,000 
TOCAE GOCTAUIN,  “CIMG 665.6 tiie sete se ewe S-e ok Hig eS ace ee . day 85 
Operating time ner day ........--...2006- sapere «eee: OUrs 2% 
Ore concentrated ser 24 hours ........... Denne views tons 200 
Sections operating ...eeeerceweeeeees Oe ee ee eee ee 
Concentrates produced ....... en See ere eee tons 2,260 
Average veicht of concentrates produced in ° 

2% hours .....eeee, Dr er ere ee ee Mracior aecacs do. 23.2 
Recovery of copper ...... ee ee ee er ee eaewats per cent O962 
OxIG6 COpper in) OF6.<isasiess dtie ne sua senate eee do. Wone 
Ratio of concentration ie ‘tons of feed to tons of con- 

'.centrates 7.09 

Net water ee re weer of ore treated .... gallons 106 
Ball consumption per-ton ‘of. ore treated .........- pounds Sel 
Liner cons tion ver pon of ore treated .....266-° do. 0.5 


Table 5 summarizes sone enbrater costs for the ated) February 15, 1929 to 
June 1, 1929. . Table 6 summarizes concentrator costs in units of labor and rower 
during the same period. During this period mill operators received $5.00 per 


shirt and other labor rece 50 cents per hour. Power cost is 1.4 cents per 
kw. hr. B Te ae, 


pacar tee Sees need rare Ee 


' Table 5. - Summarv of concentrator costs apiece per 


ton of ore concentrated 


Power 


Miscell- 


Operation aneous Total 
Brealzing to 1$ inch 

6176 sacuacéccuess $0.007| 30.005 30.005}; $0.005 40.037 
Intermediate crush- 

ing to 4-inch size .007 .005 ~005 005 .037 
Grinding to 65 per | 

cent mimus 200 

mesh size ........ 070 ~ 140 .020 014 284 
Classifying, screen- , 

ing, and conveying -008 O12 002 0910 052 
Flotation concrete 

Sh Woy 0 een er ere ee 013 .010 | 9.017 .010 905 0385 
Dewatering and havide 

ling concentrate . ~010 -O10 Ole -0O10 .057 
Sampling and assay- 

Te eines. Seeaoeeess ‘ 002 017 
Tailings disposal . 010 
Pumping and magnetic oy 

DULLCY i scox sie sae O02 005 .003 .008 023 
Miscellaneous ...... .003 005 O11 O10 010 049 


Total ....cceecccees 194 | .017| .068 .067 .010 .651 
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Table 6. - Sumnar- of concentrator costs in units 
eee te _ 3 to Bes of-labor and over | 


Labor, man-shifts OF 8 hours, 


Pover 


‘ per ton 
| ' of ore concentratea 
x | of Xw. hr. 
ver. ton . 
of ore 
Operation concen- | Per cent 


of total 

BPCARINE: 5.49 sis wwe a hie sedurw's eee 4.4 
Intermediate crushing .......- 4.4 
GYrIDG1 DS sina tear ab ee eee er ~§0.0 
Classifying, screening and 

PCONVEVANE once eid Kw SS fee bse 5.0 
Flotation concentration sige aria 14.4 
Dewatering and handling 

‘Concentrate ....ceecseeee. os 18.8 
Tailing disposal ......... , 
Water supply jacludine puupir pg dec 
Assgying and sampling ........ 
Miscellaneous. iv iavccnnawenaus Leo 
— Total ........ ery eee] 0.0350 100.0 
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16. Reagent feeder 

17. Rougher flotatiin cei | 
18 Cleaner flotation cel! 
19. Filter 

20. Belt conveyor 

21. Concentrates bin 

22. Sump 
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Figure 2— Side view of concentrator showing position of machines 
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Figure 3.— Plan of concentrator 
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